It is these detachments that transmit surface extension down to mid crustal and lower crustal levels. Whatever the role of these detachments is in laterally transmitting strain, the amount of extension observed at the surface of a rift must be balanced by an equal amount of extension at depth [Kligfield et al., 1984] .
There are two important models for the distribution of extension at depth beneath rifts. The simplest and most commonly assumed model is that of uniform, symmetric lithospheric extension [McKenzie, 1978] . This model assumes that the lithosphere fails by depth-independent pure shear. Numerous variations on this theme have been proposed for the distribution of extension with depth [Royden and Keen, 1980; Hellinger and Sclater, 1983; Rowley and Sahagian, 1986 ]. These models generally assume that although the distribution of extension varies with depth, it remains centered beneath the rift. A radically different model is that of uniform sense simple shear throughout the lithosphere [Wernicke, 1985; Lister et al., 1986] . With this proposed geometry, detachments continue throughout the entire lithosphere. As a result, the extension and upwelling at depth is asymmetrically distributed with respect to the rift. Asymmetric extension, as implied by the presence of detachments, should produce different vertical motions of the lithosphere than that of uniform extension. To understand these vertical motions, we need to determine the isostatic response of the lithosphere during rifting, a process that is not well understood. Virtually all investigators have assumed local isostasy during rifting [McKenzie, 1978; Watts, 1978, 1980 The state of isostasy plays a critical role in determining the effect of detachments during extension. Our current understanding of isostasy during rifting has come principally from continental margins, large intracratonic basins and major rift zones. In all of these cases, a large thermal perturbation is introduced into the lithosphere, resulting in isostatic uplift. The thermal input not only produces a time-varying uplift but also progressively modifies the flexural rigidity. Consequently, this paper will focus on basins with only minor, local thermal perturbations in order to document the effects of flexure during rifting. Such basins exist where the presence of detachments indicate that heating is laterally displaced relative to the rift, thereby isolating the upper crustal response. Our objective is to develop two end-member rifting models to compare with known examples of thermally "isolated" basins and to investigate the distribution of strain through the crust, particularly in the lower crustal regions. The purpose of this paper is to investigate the isostatic state of thermally isolated basins during rifting, the distribution of strain in the lower crust, and the role of detachments in the development of basins. We particularly investigate the Mesozoic aged basins of eastern North America.
MODELING ASYMMETRIC EXTENSION
It has been over 30 years since Vening Vening Meinesz' original analysis assumed: (1) the existence of normal planar faults which fracture the entire crust (and by inference the elastic lithosphere), and (2) once the crust is broken, it acts as a pair of independent cantilever beams bending in the overlapping parts of the footwall and hanging wall was still not considered.
To address all three of the problems associated with the original Vening Meinesz approach, we view extension along low-angle faults as a unloading process, i.e., the rebound associated with the negative load of the hole produced by the movement of the hanging wall block along a listric fault. In the example given ( Figure 1) As no evidence remains of the uplift history of these basins, the gravity anomalies are the only key to the isostatic state of the basins during rifting. All the models, regardless of detachment geometry or isostatic state, predict a large 15-to 20-mGal low centered over the rift basin. The distinctive hanging wall gravity high is the Bell et al.: Early Mesozoic Rift Basins discriminating feature for the models. Neither the intracmstal detachment model nor the locally compensated simple shear model produces a hanging wall gravity high. In fact, the latter model produces a large gravity low over the secondary basin. The only model which appears to match the gravity anomaly across these basins is the flexurally compensated simple shear model ( Figure  3) . This model also closely correlates with the asymmetric geometry inferred from the reactivation of the Mustconetcong thrust system. Our modeling of these basins is constrained by the basin depth and width, the density of the infill, the surface dip of the border fault, and the gravity anomaly. The modeling results presented incorporate a 10-km heave along the border fault which produces a standard basin, 45 km wide and 6 km deep, approximately the mean size of the Newark and Gettysburg basins. The basin infill for the models is a weighted average of the basalt density (2.9-3.1 g/cm 3) and the sediments (2.4-2.7 g/cmø; [Sumner, 1977] 
Bell et al.: Early Mesozoic Rift Basins
In conclusion we have found that the Mesozoic basins of eastern North America have distinctive gravity highs over the hanging wall block. This outer gravity high can be modeled by the density contrasts along a detachment which cuts through the entire crest (Figure 3) . A detachment which soles at midcrustal levels above a region of broadly distributed strain does not produce a hanging wall gravity high and cannot be used to explain the gravity anomaly across the Newark and Gettysburg basins. The lithosphere must have strength during the rifting process to produce this gravity high. The outer gravity high can be used to trace the location of the extension within the lower crust. This region of concentrated extension generally corresponds to the highly stretched crust beneath the continental margin.
Role • Detachments as Magma Conduits
Although the simple shear model with flexural compensation (Figure 3 ) sucessfully predicts the outer gravity high, we fail to predict the gravity signature across the basin and the inner gravity high. The close proximity of the basins to the inner gravity high implies 'that a single density contrast can explain both the basin and inner hanging wall gravity signatures. A number of possible explanations could be proposed for the absence of a large low across the basins. One explanation is that the basement geometry is more complex than a simple half graben bounded by a single border fault. A more complicated fault geometry could easily rotate blocks of relatively high-density basement close to the surface as is seen in modem extensional enviroments such as the Gulf of Suez. This may be the case in the southern Newark basin (Figure 8, profile f) where a basement block is exposed in the center of the basin but seems less likely in the northern Newark where no evidence for major faulting within the basin is found. A second explanation for the lack of a gravity anomaly within the basins could be high density tholeiitic dykes and sills. After the regional gradient is removed, local gravity highs of 5-11 mGal occur over the surface exposure of the sills in the southem Newark basin [Sumner, 1977] . Profiles f and g (Figure 8 ) both cross sills which may explain the lack of a negative anomaly across the basins. Neither of these explanations satisfactorally accounts for the small anomalies across the northern Newark basin and the Gettysburg basin where no dense material is exposed at 
